Auscultation was first used in general medicine to assess pulmonary function and to diagnose respiratory diseases. 10 The first description of the use of auscultation to hear crepitus associated with a fracture was reported in 1823. 11 Camman and Clark 12 reported diminished sound conduction in patients with fractures in the 1840s, and the first description of using auscultation with percussion was reported in 1846 for diagnosis of hip fractures. 13 Limited descriptions of the technique were included in reports by Stimson in 1917 14 and Stewart in 1921. 15 In 1932, Lippman 14 suggested that the combination of auscultation with percussion could be effective for identification of fractures, confirmation of proper fracture reduction, and determination of progress in achievement of bone union associated with fracture healing. Colwill and Berg 1 published a study on the effectiveness of the procedure for identification of upper and lower extremity fractures in the 1950s, but the next mention of the diagnostic technique in the literature did not appear until Peltier 16 published a historical review in 1977. Bache and Cross 17 and Misurya et al. 9 were the first to report the use of a vibrating tuning fork as an alternative to a finger tap in the 1980s. As more sophisticated diagnostic imaging techniques have become readily available, utilization of auscultation and percussion as a means to diagnose fractures disappeared from the literature. 7, 18 Clinical Utilization of the Auscultatory Percussion Test
The APT is most commonly used for detection of a fracture in the tibia, fibula, femur, clavicle, humerus, or ulna. 8, 14 The site for auscultation may be separated by one, two, or more joints from the site of percussion. 1, 14 The passage of sound through normal joints does not alter sound quality or decrease sound volume (Table  1 ). 14 The injured extremity is placed in a similar position to that of the uninjured extremity for testing. 7, 17, 19 The auscultation is performed by placing the bell of an adult stethoscope over a bony prominence that is proximal to the suspected fracture site (Figure 1) , 17, 20, 21 but a pediatric stethoscope may be used as an alternative for close conformity to an irregular bony surface. 9, 14 The percussive force is typically applied to a distal bony prominence by the clinician's free hand, which should be strong enough to produce a distinctly audible sound but light enough to avoid inducement of pain. 10, 14 An alternative APT method involves the application of a vibrating 128-Hz tuning fork to the bone surface at a site that is distal to the suspected fracture site (Figure 1) . 17, 20 Sound waves at the 128-Hz frequency have a long duration that is easily heard and that is not readily transmitted across a fracture line. A higher frequency tuning fork produces greater kinetic energy, which has the potential to overcome an obstruction to transmission of sound waves. 9 The sound produced by either the percussive technique or the application of a vibrating tuning fork is compared bilaterally at the same anatomic sites. 1, 17, 22 The clinician listens to the resulting sound for approximately 6 to 8 seconds. 20 A positive test is defined by a difference in the sound conducted through the injured bone to that which is conducted through the uninjured bone, 10, 17, 20 whereas a negative test is defined by equal sound conduction bilaterally. 17, 18, 21, 22 The altered sound conduction may be characterized by reduced volume or differing pitch 1, 7, 10, 14, [20] [21] [22] [23] [24] or a complete absence of sound conduction through the injured bone. 20, 24 Lippman 14 has suggested that a discontinuity in bone structure changes the frequency of vibration that are conducted through the bone, thereby resulting in less resonance and decreased volume.
Research Evidence
The findings of numerous studies support the clinical value of the APT for fracture diagnosis ( diagnostic accuracy of the APT for upper extremity fractures and none have compared percussion to the use of a 128-MHz tuning fork. Case studies reported by File et al. 7 and Borgerding et al. 19 have advocated use of the APT for identification of femoral neck fractures. In both case studies, patients had hip pain after a fall and initial radiographs were interpreted as negative, and one also involved a CT scan that was interpreted as negative on the day of injury. 19 The APT was positive in both cases, and the existence of a fracture was ultimately confirmed in both cases by additional diagnostic imaging. 7, 19 Adams and Yarnold 22 assessed APT diagnostic accuracy for patients who sought care for hip trauma at an emergency department. Interrater agreement (continued) for two emergency room physicians was 90.2% for 41 cases (84.2% for the patients who had a fracture of the proximal femur or pelvis and 95.4% for those without a fracture). When the physicians agreed (i.e., both considered the APT positive or negative for 37 of 41 cases), a correct classification resulted for 89.2% of the patients. 22 Tiru et al. 18 focused on diagnosis of occult femoral neck fractures in patients who reported post-traumatic hip pain. The patients were unable to ambulate following injury and initial radiographs were interpreted to be negative. The APT was performed, which was followed by further diagnostic imaging (e.g., repeat radiography, MRI, CT scan). The APT result was reported to have sensitivity of 0.96 and specificity of 0.86 for occult femoral neck fractures. 18 Studies have also assessed the value of the APT with use of a 128-Hz tuning fork for diagnosis of fractures. Misurya et al. 9 reported that the APT was more accurate than traditional clinical examination for identification of fractures to the femoral neck, femoral shaft, and tibia. The APT result was correct for 94% of cases (100% for tibia fracture cases), whereas clinical diagnosis based on traditional methods was correct for 88%. 9 Bache and Cross 17 also studied the effectiveness of the tuning fork method for diagnosis of femoral neck fractures. Fractures were correctly identified for 91% of cases, whereas a traditional clinical examination resulted in correct results for 86% of cases. Combining the tuning fork APT with other findings derived from a complete examination resulted in a correct diagnosis for 95% of cases. 17 Jawad et al. 2 also used a 128-Hz tuning fork and further modified the APT by using an electronic stethoscope. Patients with post-traumatic hip pain and normal radiographs were referred for an objective analysis of recorded APT sound, and the patient was subsequently referred for MRI. Comparison of the APT results with the gold standard MRI results demonstrated sensitivity of 0.78, specificity of 0.82, and overall diagnostic accuracy of 80%. 2 Adams et al. 21 assessed the diagnostic accuracy of APT results in patients who presented to a hospital emergency department following shoulder trauma. The patients presented a variety of conditions (e.g., fractures, dislocations, sprains, contusions). The APT results did not produce a single false-positive error, but did have a false-negative rate of 15% among positive cases (primarily due to failure to yield a positive test result for cases with acromio-clavicular separations, which may have been due to minimal disruption of sound conductance). The APT was deemed useful for identification of gleno-humeral dislocation, as well as subsequent successful reduction. 21 Colwill and Berg 1 assessed the diagnostic accuracy of the APT for fractures of both the upper and lower extremities. False-negative results (i.e., missed fractures) only occurred when patients had fractures that maintained cortical contact (e.g., an impacted fracture of femoral neck) or fractures that involved small bone fragments (e.g., an avulsion fracture of tibial malleolus). Greatest accuracy was found for fractures involving the fibula (100%), clavicle (100%), and femur (94%). The APT appears to be least useful for bones that do not have relatively superficial surfaces at both the distal and proximal ends (e.g., tarsal and carpal bones) and fractures that do not interrupt sound conductance through a largely intact bone structure (e.g., avulsion fractures).
Moore 20 used a 128-MHz tuning fork to identify fractures in both the upper and lower extremities. The tuning fork APT was highly accurate for detection of transverse fractures but not for diagnosis of avulsion or buckle fractures. Moore 20 reported sensitivity of 0.83, specificity of 0.80, a positive likelihood ratio of 4.2, a negative likelihood ratio of 0.21, and diagnostic accuracy of 81%. Swelling appeared to negatively impact the accuracy of the APT, so the test was modified by placing the tuning fork away from the site of swelling and placing the stethoscope directly over the swollen tissues. This alteration in the clinical test procedure improved specificity (0.92), the positive likelihood ratio (10.4), the negative likelihood ratio (0.18), and diagnostic accuracy (89%). 20 Although there is strong evidence to support use of the APT, fractures that leave a substantial amount of the bone intact (i.e., impacted fractures and avulsion fractures) may produce a high rate of falsenegative results. 9, 17, 20, 21 For example, an impacted fracture of the femur could maintain a high degree of cortical contact that allows for normal sound conduction, 1, 8, 9, 21, 22 and an avulsion fracture may be separated from the bone structure that conducts sound. 1, 20 Additionally, bilateral fractures may produce comparable sounds, 9, 17, 21, 22 or the existence of a fracture at an untested location could produce a false-negative result. 9, 17 Bony anomalies (e.g., Paget's Disease, tumors), 21 obesity, 9, 17 or the presence of metal plates or intramedullary hardware 8 may alter sound transmission.
Summary
The APT is easy to perform, painless for the patient, and provides immediate diagnostic information. 1, 9, 14, 18, 20, 24 The high level of APT accuracy could reduce the number of unnecessary radiographs 2 and the number of missed fractures. 14, 20, 22 The APT is useful for assessment of numerous bones and fracture types 20 and may be particularly useful for identification of a fracture with a subtle presentation similar to that of a soft tissue injury. 7, 18, 19 The APT has been shown to be more accurate than a traditional physical examination for detection of certain types of fractures, 9, 17 and the combination of APT results with other clinical findings provides diagnostic accuracy that is superior to the use of either approach in isolation for detection of long bone fractures. 9, 17, 18 Thus, the physical examination of an athlete who is suspected to have a fracture should include performance of the APT to maximize diagnostic accuracy. 9,18,20,22  
